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v  12C/13C ratio for simple species (CO, CN, H2CO): 
 
 
 
v  For more complex species (i.e. more than 6 atoms), it might 
be an indicator of  their chemical origin: 
  
12C 13C = 6.21DGC +18.71 Milam et al. 2005( ) Ex: ~77 in the local ISM 
 ~20 towards the GC 
12C/13C ratio toward star forming regions 
Gas phase processes (selective photodissociation & fractionation),  
in low T ion-molecule reactions may impact the 12C/13C ratio 
implanted in larger species (Charnley et al. 2004; Wirström et al. 2011) 
 
 
13C+ + 12CO!→! 13CO+ 12C+ +ΔE(= 35K ) (Watson et al. 1976) 
•  If formed on dust grains from hydrogenation of  CO (Cuppen et al. 2009): 
12C/13C ratio in CH3OH and CO should be similar 
 
•  If  not, the  12C/13C ratio in CH3OH should be higher  
than the 12C/13C in CO (Wirström et al. 2011, Langer et al. 1984) 
12C/13C ratio can be used to distinguish a gas-phase 
origin from an ice mantle one for complex molecules 
v  The case of CH3OH (Wirström et al. 2011)  
 
 
HCOOCH3 may be efficiently formed close to the surface in icy  
grain mantles during the hot core warm up phase  
(CR induced photodissociation of  CH3OH ices) 
(Bennett & Kaiser 2007; Horn et al. 2004; Neill et al. 2011; Garrod & Herbst 2006; Garrod et al. 
2008; Herbst & van Dishoeck 2009).  
 
 
 
 
v  Investigation to HCOOCH3 (Favre, Carvajal et al. sub.)  
If the 12C/13C ratios in HCOOCH3, CH3OH and CO are similar,  
that would likely suggest a formation on grain surfaces.  
1)  Is the 12C/13C variation in MF the same with respect to distance 
to the Galactic center (DGC) as for CO and CH3OH?  
2)  Is the variation of  12C/13C the same for both C1 and C2 ? 
12C- and 13C-methyl formate toward Orion-KL 
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Interferometric HCOOCH3 
observations 
(Favre et al. 2011, Friedel & Snyder 2008,  
Friedel & Widicus Weaver 2012) 
 
Single-dish (IRAM 30m-antenna) observations: 
H13COOCH3 & HCOO13CH3 are detected 
 (Carvajal et al. 2009) 
 v  Spectroscopy: Appropriate theoretical model and code & accurate 
partition function (accurate transition frequencies and line 
strengths) 
v  Observational data: same reduction, same data with same spatial 
& spectral resolution, large bandwidth (line identification, spatial 
and spectral information, reliable abundance ratios) 
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To derive a 12C/13C ratio with accuracy 
between the MF isotopologues … 
Homogeneous data are required! 
ALMA-SV observations of Orion-KL 
(Fortman et al. 2012) 
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Spectral characterization of the 13C-methyl 
formate & Partition function  
For further detail please see Isabelle Kleiner and/or Laurent Margulès 
v  The code: BELGI version of  the Rho-Axis Method  
(Herbst et al. 1984; Hougen et al. 1994; Kleiner 2010)  
 •  936 lines (ground state, g.s) HCOO13CH3 (Carvajal et al. 2009)  
•  7457 lines (g.s. and vt=1) of  H13COOCH3 (Carvajal et al. 2010)  
•  9298 measured lines (g.s. and vt=1)  of  HCOOCH3 (Ilyushin et al. 2009)  
v  Complete (Rotational-torsional-vibrational) Partition 
Function: for all 12C, and 13C-methyl formate 
isotopologue 
(Favre, Carvajal et al. submitted  to ApJ)  
 
v  Laboratory spectroscopy: line measurements and 
analysis (performed at lab. PhLAM, Lille France, Laurent Margulès) 
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A more accurate Partition function  
v   The JPL partition function only includes contributions of  the 
vt=0 and vt=1 levels. 
v   Our partition function accounts for all torsional–vibrational 
energy states. 
Ø  More accurate and higher inferred abundance of 12C-MF 
v  LTE (consistent with PdBI and Herschel observations, Favre et al. 2011, Crockett et al. 
2014) 
v  Herschel/HIFI spectral fit for Orion-KL: to make reliable line identifications 
and determine where potential line blends may exist (Crockett et al. 2014) 
v  XCLASS program (http://www.astro.uni-koeln.de/projects/schilke/XCLASS) to model the emission.   
- Input parameters (Θ, Tr, N, vLSR and ∆vLSR), the values derived by our previous PdBI 
observations, which were performed with a similar angular resolution the ALMA-SV data 
- HCOOCH3 optically thin lines 
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Data analysis: assumptions & modeling 
Integrated intensity map obtained with PdBI (Favre et al. 2011)	
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13C1-MF and 13C2-MF & MF species emits: 
•  within the same source size,  
•  at the same rotational temperature, 
•  at the same and velocity, 
•  with the same line-width 
 
Only adjustable parameter is the column density 
ALMA-SV observations of Orion-KL 
(angular resolution: 1.7” x 1.1”) HCOOCH3 
HCOO13CH3 
H13COOCH3 
Spatial distribution of the  
12C- and 13C-MF 
Emission channel maps at 7.2 km/s of  HCOOCH3 (234124 MHz), 
H13COOCH3 (220341 MHz) and HCOO13CH  (216671 MHz).  
The level step is 500 mJy beam-1 (14σ) for 12C-MF  and, 
 100 mJy beam-1 (5σ) pour les 13C-MF. 
20 spectral windows (1.875 GHz effective bandwidth) 
Covering the frequency range 213.7 GHz to 246.6 GHz 
Favre, Carvajal et al. (sub. to ApJ) 
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Hot Core-SW 
HCOOCH3 200 lines 193 lines 
H13COOCH3 131 lines 78 lines 
HCOO13CH3 109 lines 64 lines 
HCOOCH3 
Spectra & models 
χ2 : 0.3 – 2.4 
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12C/13C-methyl formate isotopic ratios 
toward Orion-KL 
12C/13C-MF 
71.4 ±7.8 
12C/13C-MF 
68.4 ±10.1 
Favre, Carvajal et al. (sub. to ApJ) 
13C1-MF and 13C2-MF have similar abundances towards the 
Orion-KL Hot Core-SW (HC-SW) and Compact Ridge (CR) 
•  Θ=3” 
•  Tr = 80K toward CR & Tr = 128K toward HC-SW 
•  vLSR = 7.3 km/s for both components 
•  ∆vLSR= 1.2 km/s toward CR & 2.4 km/s toward HC-SW 
Hot Core-SW	
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•  12C/13C = 57±14  in CH3OH (Persson et al. 2007)  
•  12C/13C = 74±9  in CO (Snell et al. 1984) 
•  12C/13C = 74±16  in CO based on Milam et al. (2005)  
(with DGC=8.9 kpc for Orion-KL, Remijan et al. 2003) 
12C 13C = 6.21DGC +18.71
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•  12C/13C = 57±14  in CH3OH (Persson et al. 2007)  
•  12C/13C = 74±9  in CO (Snell et al. 1984) 
•  12C/13C = 74±16  in CO based on Milam et al. (2005)  
(with DGC=8.9 kpc for Orion-KL, Remijan et al. 2003) 
12C 13C = 6.21DGC +18.71
Ø  This finding does not support MF formation in gas–phase formation 
from 12C/13C fractionated gas.  
 
Ø  This finding combines with the hypothesis of  Wirström et al. (2011) 
is consistent with a picture of  grain surface reactions as main 
pathways to form 12C-MF & 13C-MF.  
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Summary  
 
v  Spectroscopic characterization of  H13COOCH3 & HCOO13CH3, 
with a complete partition function 
           More accurate and higher inferred abundance of MF 
MF column densities differ by a factor 3.8±1.7 toward the HC-SW and 2.4±0.7 toward the CR 
between PdBI and ALMA data (Carvajal, Kleiner et al. in prep.) 
 
v  ALMA-SV observations: 12C/13C isotopic ratio in MF of        
        - 68.4±10.1 toward the Orion-KL Compact Ridge  
 - 71.4±7.8  toward the Orion-KL Hot Core-SW 
             No significant 13C fractionation observed in MF 
 
Grain-surface chemistry seems likely to prevail in the formation 
of MF & its isotopologues.  
-  Measurements are consistent with the 12C/13C ratio measured in CO and CH3OH  
-  No very efficient gas-phase pathway to form either MF or 13C-MF 
 
Thank you! 
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